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First synthesis of a selenazepane
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Abstract—The first synthesis of perhydroselenazepane derivatives by the reaction of aryl isoselenocyanates with 5-chlorobutylamine
in the presence of triethylamine in DMF as a one-pot procedure is described.
� 2005 Elsevier Ltd. All rights reserved.
Selenium-containing heterocycles are of great general
interest because many of them show attractive chemical
properties1 and pharmaceutical applications.2 Nowa-
days, they are recognized as an important class of
biologically active compounds.3 For example, Shamber-
ger4 and Hatfield5 widely evidenced the important role
of selenium in biology and in human health (cancer
chemoprevention, food, and plants).

On the other hand, there are some drawbacks of the syn-
theses of selenaheterocycles as they often involve the use
of toxic selenium reagents, which are difficult to handle
and to store. The use of selenoureas and isoselenocya-
nates, respectively, proved to be among the most effi-
cient methods for the introduction of selenium into
heterocycles,6 as they are conveniently prepared7 and
relatively stable. Some years ago, we started a research
program concerning the synthetic potential of isoseleno-
cyanates as building blocks of selenaheterocycles.8

Recently, we described the synthesis of selenazetidines,9

selenazolidines,10 selenazinanes,10 selenorhodanines,11

and selenazolidinones12 from isoselenocyanates by the
respective nucleophilic attack of an N, S, and C
nucleophile.

To the best of our knowledge, there is no report on the
preparation of seven-membered selenium-containing
heterocycles, that is, selenazepanes. Only one article
has been published recently by a Russian team13 con-
cerning the synthesis of a selenazepane fused with a pyr-
imidinone system.
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The starting 4-chlorobutylamine, which is commercially
not available, was prepared from 4-aminobutan-1-ol. As
several attempts to prepare analogous bromo derivatives
by treatment with hydrobromic acid14 were unsuccess-
ful, we used thionyl chloride (SOCl2) in toluene as the
reagent,15 but the usual procedure under reflux did not
give the expected product. By using only 1 equiv of
SOCl2 in toluene at room temperature, 4-chlorobutyl-
amine hydrochloride (2) was obtained in quantitative
yield.16

The reaction of chloroamine 2 with an aryl isoseleno-
cyanate7 in DMF in the presence of triethylamine was
carried out under stirring at room temperature and led
to the corresponding 2-arylimino-1,3-selenazepanes 3a–
c (Scheme 1),17 which after chromatographic workup
were obtained as yellow oils in moderate yield. Some ele-
mental selenium was formed during the reaction, there-
by lowering the yield of the product. Triethylamine
(2 equiv) was used in this reaction, one equiv to generate
the free amine from 2 and a second one to trap the HCl
formed in the cyclization. In the case of 3c, the oily
product was dissolved in dichloromethane and crystal-
lized by passing a stream of HCl gas through the
solution. The (aryl)(1,3-selenazepan-2-ylidene)amine
hydrochloride 3c was obtained as a colorless solid, and
single crystals suitable for an X-ray crystal-structure
determination18 were grown by slow evaporation of
the solvent. The molecular structure of 3cÆHCl is
shown in Figure 1.25 The bond lengths of N(3)–C(2)
and N(8)–C(2) are quite similar (1.313(3) and
1.337(3) Å, respectively), indicating a distinct delocaliza-
tion of the N-electron pair and the p-electrons. The
Se(1)–C(2) bond is also short (1.902(2) Å) as a result
of some conjugation of the lone pair with the p-system.
The plane of the aromatic ring is twisted by 52.1(1)� out
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Scheme 1.

Figure 1. ORTEP plot of the molecular structure of 3c (arbitrary
numbering of the atoms; displacement ellipsoids with 50%
probability).
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of the plane defined by Se(1), C(2), N(3), and N(8). Both
NH groups form a hydrogen bond with the same chlo-
ride ion and thereby link the cations and anions into
ion pairs. The loops thus created can be described with
a binary graph set motif26 of R1

2ð6Þ.

In conclusion, we have described the first synthesis of
non-fused 1,3-selenazepane derivatives by a rapid
and efficient reaction of isoselenocyanates and 4-chloro-
butylamine in moderate yields.
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